Sunflower (Helianthus annuus L.) plants were grown on nutrient solution with ammonium nitrogen. After 12 days of growth the ammonium in the nutrient solution was labeled with N (99%). Three hours later glutamine-N in the xylem exudate was labeled for 56% as shown by GC-MS; this percentage increased to 63% after 8, and to 69% after 24 hours of incubation. When the xylem exudate had been collected from the epicotyl instead of the hypocotyl, 15-N abundances were 52%, 56% and 63% respectively. Results are consistent with an import of glutamine into the transpiration stream during its ascension in the xylem. On basis of the differences in abundance of double-labeled, single-labeled and unlabeled glutamine between the two sampling sites it was estimated that at least 20% of the xylem glutamine was imported into xylem along this distance (~4cm).
Introduction
The occurrence of a xylem-to-phloem transfer of nitrogen compounds in plants is well established: Nitrogen taken up by plant roots is primarily transported to the shoot via the xylem transpiration stream. Growing points have a high nitrogen demand, but generally low rates of transpiration. Therefore, on the way from roots to young leaves, part of the nitrogen must interchange from xylem to phloem (Simpson, 1986) . Export of nitrogen from the xylem can be studied by measuring the removing of (labeled) nitrogen compounds from the transpiration stream (Van Bel et al., 1979; Dickson et al., 1985) . It has been found that amides like glutamine and asparagine are exported specifically and efficiently (Sharkey and Pate, 1975) .
Much less is known about a possible import of nitrogen compounds into the xylem. However, such a transfer may affect determinations of root nitrate reduction (Rufty and Volk, 1986 ) and recirculation of nitrogen (Simpson et al., 1982) when such determinations are based on the composition of the xylem sap. Rufty and Volk (1986) measured considerable percentages of endogeneous organic nitrogen (i.e. organic nitrogen derived from nitrate absorbed some time before the experiment) in the xylem sap, but argued that this could also be explained by assuming that nitrogen assimilation in the root causes a delay of its transport into the xylem. Rowland (1986) could detect organic 15 N in the xylem sap after exposure of barley plants to atmospheric 15 N0 2 . In this paper a substantial import of glutamine into the xylem of sunflower along the stem is indicated.
15 N-abundance in glutamine has been shown to decrease in the ascending xylem sap. For GC-MS analysis of the xylem exudates the procedure of MacKenzie and Tenaschuk (1985) was used. Three samples of 40 /xh from different plants were freeze-dried. Subsequently 4 /AL trimethylamine and 60 pL N-methyl-N-(tert. butyldimethylsilyl)-trifluoroacetamide (MTBSTFA; Pierce Chemical Company) was added. The closed reaction vessel was heated to 75°C for 30 min. 2 /xh were injected into the Pye Unicam 204-series gaschromatograph equipped with a CP-Sil 19CB capillary column of 0.25 mm i.d. x 25 m. Temperature program was 2 min at 180°C followed by a rise to 260C at a rate of 4°C min \ Mass spectra were obtained from a connected VG7070F mass spectrometer using 70 eV electron impact ionization. During the chromatographic analysis of the derivatized xylem exudate the intensities of the mass spectral peaks corresponding to the (GLN(TBDMSi) 3 -COOSiC 6 H 15 ) + -fragment (masses 329.24, 330.24 and 331.23; see also Rhodes et al., 1989) were recorded. The obtained integrated peak intensities were corrected for the natural abundances of 2 H, 13 C, 15 N, "O, 18 0, 29 Si and 30 Si. Amino acids in the xylem sap were determined with an amino acid analyzer.
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Abundance of glutamine and 15 N in the xylem exudate
The amino acid analysis of the xylem exudate is given in Table 1 . Glutamine is by far the most abundant amino acid.
The N-abundance in glutamine from the xylem exudate (NX) during the incubation with N-ammonium is shown in Figure 1 . When xylem sap has been collected from the hypocotyl, 56% of the glutamine-N was labeled 3 hours after application of 15 N, i.e. nearly half of the glutamine N present in the xylem has been taken up by the plant more than 3 hours before. Later this percentage increased only slightly (to 63% after 8, and to 69% after 24 hours). The initial rapid and the later slow increase in 15 N abundance is in line with the results of Rufty and Volk (1986) and means that the nitrogen-pool equilibrating with xylem-glutamine is great, so that its 15 N abundance does not increase quickly. When the xylem sap has been collected from the epicotyl, consistently lower N-abundances were recorded (Fig. 1) . This indicates an import of unlabeled glutamine along the stem.
Abundance of unlabeled, single labeled and double labeled glutamine
By comparing the size of the 329, 330, and 331 peak of the mass spectrometer, abundances of unlabeled, single and double labeled glutamine molecules (X0, XI and X2) could be calculated (Table 2 ). It was found that at any given ( Fig. 2) . This is consistent with the results of Rhodes et al., (1989) . Apparently glutamine molecules have been synthesized at sites of different 15 N-abundance. Glutamine synthesized at sites with high 15 N-abundance has an increased chance to get labeled at both nitrogen atoms whereas glutamine synthesized at sites with low abundances had an increased chance to stay totally unlabeled. Long-distance transport of intermediate products (e.g. glutamate) during glutamine synthesis thus seems to be of minor importance.
Analysis of variance
An analysis of variance has been conducted for the 15 N-abundance data. Significance levels of the effects of the factor 'xylem sap collection site' and of the covariate 'time of incubation' are shown in Table 3 . NX, X0, XI and X2 were significantly influenced by the time of incubation whereas the decline of 15 N-abundance between hypo-and epicotyl was significant only with respect to the increase of unlabeled glutamine.
The fact that the exponent EX, linking NX to X2, did not increase significantly during the experiment or between the collection sites means that there was no indication of a later metabolization of glutamine after its initial production. Such a metabolization should randomize the preferential formation of double labeled glutamine and consequently increase EX towards a value of 2. Sharkey and Pate (1975) glutamine exported from the xylem was largely unmetabolized when recovered in the phloem sap.
Quantitative estimation of glutamine import into the xylem
From the labeling pattern of the glutamine molecules at the two collection sites the percentage of glutamine imported between hypocotyl and epicotyl can be estimated. From Table 2 it can be calculated that after 3 hours of incubation XO at the hypocotyl was 17% lower than at the epicotyl. Because a possible export of glutamine from the xylem should not affect the ratios between XO, XI and X2, it can be concluded that 17% of the glutamine present in the epicotyl must have been replaced by unlabeled glutamine between the collection sites. Data after 8 and 24 hours incubation gave a differences in XO of 22 and 29%, respectively. Glutamine in the exchange pool may have got slightly labeled during the experiment, so that the import rate obtained in this way may be an underestimate. Therefore it is reasonable to assume that at least 20% of the glutamine found in the xylem sap of the epicotyl has been imported along the ~4 cmdistance between the collection sites.
It should be noted that the import rate obtained in this way is about double the rate which would have been calculated by simply comparing NX of the two collection sites (7.7 to 10.1%). This discrepancy is due to the fact that differences of XO between the sampling sites are more pronounced than those of NX.
It is unlikely that the import of glutamine into the xylem described here can be explained by a xylem-to-xylem transfer as postulated by Layzell et al., (1981) . In our experiment external 1 N crossed the root into the xylem within 3 hours. Regarding this high rate of transport one would not expect that glutamine transfer from one xylem vessel to another is so slow that the imported glutamine is still largely unlabeled after 24 hours. Export of glutamine from the cotyledons via phloem to the xylem of the stem is much more likely. According to our measurements such a transfer may be much more intense than indicated by nitrogen balance studies (Layzell et al, 1981) .
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